Background: Current knowledge of urban bird ecology and biodiversity relies on evidence from cities of the Northern Hemisphere, while the Southern Hemisphere is underrepresented. Santiago is a large city from South America, located in central Chile, which is both a biodiversity hotspot and an Endemic Bird Area. This work is a synthesis, which aims to provide a diversity account for Santiago, and to describe the broad geographic distribution and bird functional patterns.
Background
Urbanization is one of the greatest threats to biodiversity at the global scale [1, 2] . Birds comprise a highly conspicuous group among the vertebrates that are able to live in cities. Therefore, they have been one of the most intensively studied taxa in urban environments [3] [4] [5] . Nevertheless, current knowledge of urban bird diversity relies in evidence from cities from the Northern Hemisphere, located mainly in North America and Europe [3, 6, 7] . On the other hand, there are few studies in other continents such as Africa, Australia, and South America [8, 9] . This unbalance in geographic coverage is emphasized when bearing in mind that several biogeographic regions, other than the Nearctic and the Palearctic, and more than a half of the geographical units which harbor the entire breeding range of two or more restricted-range bird species (Endemic Bird Areas of the world, EBAs) are located in the Southern Hemisphere [10, 11] . For that reason, we believe that the ecological configurations of urban bird biodiversity, which could emerge when urbanization interacts with different regional bird species pools, other than the Northern Hemisphere, are potentially being missed. Therefore, studies of urban avifauna at these understudied continents are necessary, because they could enlighten the general biodiversity patterns of urban avifauna of the world, with an emphasis on the species composition of the avifauna in underrepresented continents.
Bird species richness in cities varies across a broad range, both within and between biogeographic realms. At the global scale, the median urban bird richness per city is near 100 species, being the Indo-Malayan and Afrotropical realms with the highest median species richness (median richness above 200 species). This is followed by the Neotropics (median richness above 100 species) [6] . On the other hand, the Palearctic, Nearctic and Australasia are the realms with the lowest urban bird richness scales [6] . As a general trend, core urban avifauna is characterized by a decrease in species richness compared to surrounding peri-urban areas [4] . A similar pattern is observed within cities, where species richness decreases from the peri-and suburban areas, to the downtown areas [12] . The urban -dwelling birds are usually a combination of native and exotic species [7] . In spite of some examples where exotics outnumber native species in a city [13] , the general pattern is that urban bird fauna is composed by a higher amount of native and a lower amount of exotic species [4, 14, 15] . In general, there is an average of 3% of exotic species per city [6] , and an increasing proportion of exotic species towards the downtown areas [5] . These findings have suggested that urban bird fauna may depend largely on the native species pool; while evidence indicates that this is true for peri-and suburban areas, it does not necessarily hold for the downtown areas [4, 16, 17] .
The classification of bird species into different trophic guilds is another attribute of interest in the study of urban fauna. Urban environments tend to increase the representation of species with generalist habits. In fact, the omnivorous guild frequently displays the most abundant bird species numbers in urban centres, usually being the dominant trophic guild in the most intensively urbanized areas [7, 12, 18, 19] . Alternatively, granivorous have been reported as the dominant guild in highly urbanized areas in some cities [14, 20] , although the dominance of omnivorous is the most frequent pattern. From the opposing point of view, carnivorous [3, 14] and insectivorous birds [3, 12, 15, [20] [21] [22] are considered at a disadvantage in highly urbanized areas, declining in both species richness and abundance. It is unclear if urban environments influence some other particular trophic group [4] , because evidence shows that urban gradients in different cities may exert different effects in other trophic guilds [9, 15, [23] [24] [25] [26] . On the other hand, nesting patterns in breeding urban birds show two clear general trends: The most successful urban dwellers are characterized by i) showing cavity nesting behavior [3] and ii) building nests located a few meters above the ground or in the canopy [4, 27] . Additionally, as an interpretation of the most recent review of urban ornithology [7] , it is possible to conclude that other interesting traits of world urban avifauna, such as the resident/migrant fraction and the species conservation status, are surprisingly understudied.
Birds in Santiago
The city of Santiago (33.45°'S -70.05°W; 558 m.a.s.l; 619 km 2 ), is the largest and most populated urban center in Chile [28, 29] . It is located within a Mediterranean -type ecoregion at the globally significant biodiversity hotspot of Central Chile [30] , which geographically coincides with the 'Central Chile' EBA [31] . It is the larger and most intensively urbanized centre in which Chilean bird diversity have been studied. There have been several efforts to partially characterize the urban bird ecology and diversity in Santiago [32] [33] [34] [35] [36] [37] , but they show high heterogeneity in terms of what should be considered an 'urban bird species account'.
Given that Santiago is a large and densely populated urban hub, the city emerges as an interesting research model for the study of South American urban bird biodiversity. The city of Santiago is experiencing an advanced urbanization process in an area with an increasing risk of habitat loss in a unique biogeographic scenario. In addition, it is located in an underrepresented hemisphere in terms of the knowledge of urban birds. For these reasons, we need an ecological and biogeographic characterization of Santiago's avifauna. This work aims to compare bird diversity and functional patterns of this large urban center in southern South America with expected trends, based mainly on evidence from the Northern Hemisphere. We used georeferenced data from the citizen-based bird database eBird.org [38] to characterize the complete avifauna of the city, exploring the coarse distribution of species richness and total abundance for the different functional groups. Additionally, we assessed if some guilds are characterized by particularly high abundance or species richness, and what is the native/exotic species ratio for the whole assemblage, and by each trophic guild. To complement the effort, we determined what is the proportion of urban nesting species shared by each trophic guild, and what is the conservation status reported for each bird species.
We hope that this will be an initial information framework for further research in urban bird biodiversity, in a particularly interesting urban and biogeographic setup, and in a globally underrepresented region in terms of urban bird biodiversity knowledge.
Methods

Study area
The city of Santiago (33.45°'S -70.05°W; 558 m.a.s.l. 619 km 2 ) is located inside the administrative region called "Región Metropolitana de Chile" (Fig. 1 ). This region concentrates 40.1% of the national population, sharing the highest human population density of the country (393,5 people per km 2 , Instituto Nacional de Estadísticas [29] ). This fact positions Santiago as one of the 42 urban agglomerations in the world, which sustain more than 40% of the population of their respective countries. In addition, it lies inside the "large city" category (5-10 million people), along with other cities such as Madrid (Spain) and Singapore (Singapore). That category is expected to grow, encompassing l63 urban centres housing more than 400 million people by 2030 [39] .
Our analyses are restricted within the urban perimeter of the city (approximately 619 km 2 ). This research considered Santiago's urban perimeter according to the urban areas of Chile database, available at the "Integrated System of Territorial Information" of the National Library of Congress of Chile [40] . Santiago lies inside the biogeographic sub-region of central Chile [41] , which roughly overlaps with the central Chile hotspot of biodiversity [30] and the central Chile Endemic Bird Area EBA [42] . EBAs are a system of geographic areas around the world considered relevant for bird conservation, because they harbor the entire breeding range of two or more restricted-range bird species, defined as species whose full breeding range is less than 50,000 km 2 [11] .
Use of the citizen-based platform eBird for the Santiago's avifauna characterization: Species composition, biogeographic origin and ecological features Santiago's avifauna (Table 1) was determined by using bird registers available on the eBird database for Santiago, Región Metropolitana de Chile [38, 43] . The Ornithology Lab of Cornell University manages the eBird database. Volunteer citizens around the world provide registers on this database; a two -step process confirms each register, which involves 1) automatic filters, and 2) local expert validation. This data validation process has positioned eBird as a reliable source of ornithological data, which has resulted in a growing number of publications based on the eBird database [44] [45] [46] [47] [48] [49] [50] [51] [52] . Despite this rigorous validation process, there are intrinsic characteristics in this kind of datasets, built by the contributions of non-professional observers which don't follow any sampling design. For instance, differences in the registers density in space, and differences in sampling effort among different localities and/or groups o taxa. In this work, differences of registers density were boarded in a geographically explicit interpolation approach, while the effect of different sample effort among groups of taxa was controlled by using rarefaction curves (more details in the analyses section). Finally, we consider that the anecdotical possibility of duplicates for a single observation is one of the trade-offs of this kind of dataset, in contrast with the availability of thousands of registers, in a temporal and geographic framework which are prohibitive in traditional sampling approaches. The search criteria implemented for the eBird database were: i) all registers from Santiago (Chile, Region Metropolitana) between the years of 2009 to 2016 were considered; ii) Registers outside the urban perimeter of Santiago [40] were excluded. This criterion excludes registers in localities within the Andean Range ( Fig. 1) , which despite being inside the administrative boundaries of the city, fall outside Santiago's urban perimeter and are highly intermingled with the purely Andean ecosystems. Therefore, we did not consider its biota as urban. This criterion also required to exclude registers from the locality named 'Cerro San Cristobal' , because this hill is a continuous projection of the Andean mountain range, although it lies within the urban core of Santiago (Fig. 1) . We also excluded species with less than 10-point registers inside the urban perimeter of Santiago from 2009 to 2016, because species bellow that threshold were considered anecdotal sightings rather than true urban dwellers. We also excluded aquatic bird species kept by humans in artificial water reservoirs at urban parks. The resulting avifaunal account was compared to the bird species reported in several partial descriptions of Santiago's avifauna [32] [33] [34] [35] [36] [37] 53] , to check if some species reported in the city were being missed in the eBird database (except for the species already excluded by the former criteria). We detected no discordance. After these steps, we obtained a consensual list for the avifauna of Santiago.
Ecological features of the birds of Santiago: Functional groups
Systematic position and scientific nomenclature for each species were assigned according to the 'South American Classification Committee' Birds Checklist [54] . Common names and resident /migratory status were given according to [34, 55] . We defined residents as species that live year-round in a particular area, while migratory as those which display regular movements of all or part of their populations, to or from an area during part of the year, as a consequence of breeding periods or feeding area availability [56] . Santiago's birds were classified by biogeographic origin as native or exotic, by following the list of bird species from Chile which are distributed outside their native distribution range [57] , and are able to sustain populations without direct human intervention (naturalized sensu [58] ). We set the conservation status according to the International Union for the Conservation of Nature (IUCN) [59] . Information about nesting for each species is scarce, and was therefore compiled from several sources and personal observations [33, 34, 36, 43, 53] .
We classified birds into four nesting categories and those with no conclusive information:
1. Confirmed urban nester (those with evidence of nests built inside the urban area). 2. Non -urban nester (species in which nest construction inside the urban perimeter have been discarded). 3. Probable urban nester (those which are thought to be urban nesters, but without any conclusive information). We also included those with "no information" (Those birds in which the actual presence or absence of nests inside the urban perimeter is unknown).
Additional information regard nesting sites is provided in Additional file 1, together with additional references about trophic habits, nesting categories, migrant or resident status, distribution and biogeographic origin. Finally, species were classified into trophic guilds; we followed the guild categorization established for bird assemblages of North and South America [60] .
Trophic guild categories considered in Santiago were:
1. Carnivorous (C), eaters of vertebrates; 2. Granivorous (G), eaters of seeds, (including nuts and seeds inside cones); 3. Frugivorous (F), eaters of fleshy fruits; 4. Herbivorous (H), eaters of leaves or buds; 5. Insectivorous (I), eaters of arthropods; 6. Nectarivorous (N), eaters of nectar and pollen; 7. Piscivorous (P), primarily fish eaters; and 8. Omnivorous (O), exploiters of more than one of the former trophic categories.
We synthesized the above information in a single database (Table 1 and Additional file 1).
Analyses
We used this data to describe the native/exotic ratio, migratory/resident ratio, the proportion of species in different conservation status, and nesting categories for the total urban bird assemblage. Additionally, we evaluated the number of native/exotic, resident/migratory, and nesting status by each trophic guild. Georeferenced eBird registers from Santiago were classified into the previously defined functional groups (trophic guilds, native/exotic, migratory/resident, urban nester/ not-urban nester) to evaluate the species richness and number of individuals ("number of observations" field on eBird database) at each point register. We conducted this calculation considering the urban species altogether and according to the formerly described functional groups classification. Those point values (species richness and number of individuals) were interpolated through the inverse distance weighted method (IDW) implemented in ArcGIS desktop 10.3 [61] , and plotted over the urban surface of Santiago. IDW is an interpolation method which assumes that closer points are more similar to each other than distant ones; it also considers the overall spatial composition between measured points in order to interpolate values [62] [63] [64] . This method has been considered advantageous as compared to other interpolation alternatives, for applications to bird richness and abundance data, because it restricts the interpolated values within the boundaries of observed minimum and maximum values [65] . This method is particularly suitable to visualize the eBird data set, because it can control the distance of influence exerted by a point register (power) as well as the number of point registers which are permitted to influence a particular point in the interpolation (neighbourhood). For IDW interpolation, values for parameters of power (p) and neighbourhood (N) where p = 2 and N = 4, according to [64] . We selected the IDW visualization strategy to obtain a rapid diagnosis about the coarse distribution of functional groups in a large urban surface, based on eBird's massive amount of data for the complete avifauna of Santiago. We considered our data as a good proxy of diversity, but not as an accurate estimation of a bird's relative abundance. Therefore, we compared the observed species richness and rough number of individuals by each functional group in space, in an IDW context. The reliability of the observed species richness in functional groups with different sample sizes was evaluated through rarefaction curves, calculated using the "vegan" package in R [66] .
Results
Santiago's avifauna composition
The eBird data from central Chile holds 210,805 records inside the administrative region called "Región Metropolitana de Santiago". About 21,865 of these registers are located inside the urban perimeter of Santiago. After applying our criteria to classify birds as urban dwellers, we concluded that Santiago hosts an assemblage of 46 urban bird species, representing 11 orders, 24 families and 43 genera (Table 1) . These species are represented by a total of 20,962-point registers and 120,385 observed individuals. We excluded most aquatic birds because they were reported as being in water masses artificially available in urban parks; only three aquatic species were considered urban because they are frequently registered at the Mapocho River (Fig. 1) , the main watercourse in Santiago, and other non-aquatic localities. These were the Kelp (Larus dominicanus) and Franklin's gulls (Leucophaeus pipixcan).
Passeriformes is the order with the highest species richness in the city, with 25 species (54% of the total species richness). At the family level, the highest species richness occurs within five families, which altogether represent 47% of the total species richness. The family with the highest species richness in Santiago is Tyrannidae (Passeriformes), represented by five species (10.9% of the total species richness). After Tyrannidae, Accipitridae (Accipitriformes), Columbidae (Columbiformes), Icteridae (Passeriformes), and Thraupidae (Passeriformes) are represented by four species each (8.7% of the total species richness). Most families (15) are monospecific in Santiago. Almost all genera are monospecific at the city, except for Falco (Falconiformes), Geranoaetus (Accipitriformes) and Phrygillus (Passeriformes), each of them represented by two species.
Functional groups: Origin, residence, nesting, conservation status and trophic guilds Most urban bird species in Santiago are native (89%), resident (83%) and urban nesters (67%) (Fig. 2a-c) . Almost all species are classified by the IUCN as 'Least concern (LC)' with the only exception of the Patagonian Forest Earthcreeper (Upucertia saturiator), which has not yet been evaluated (NE) ( Table 1) .
Santiago's urban bird assemblage is composed of eight observed trophic guilds. However, 92% of the species are distributed into just four guilds (Fig. 2d) : Insectivorous comprise the guild with the highest species richness (13 species, 28% of the total richness), followed by omnivorous (11 species, 24% of the total richness), granivorous (10 species, 22% of the total richness), and carnivorous (eight species, 18% of the total richness). In contrast, frugivorous, herbivorous, nectarivorous, and piscivorous are monospecific guilds in Santiago (Table 1, Fig. 2d ).
Among the five exotic bird species of Santiago, two are classified as granivorous (The California Quail (Callipepla californica) and the Monk Parakeet (Myiopsitta monachus), and three as omnivorous (The Rock Dove -Columba livia), the Shiny Cowbird (Molothrus bonariensis) and the House Sparrow (Passer domesticus) (Table 1, Fig. 3a) . From the eight migratory species registered in the city, four species are classified as insectivorous. These are the Patagonian Tyrant (Colorhamphus parvirostris), the Dark-Faced Groundtyrant (Muscisaxicola maclovianus), the Blue-and-white Swallow (Pygochelidon cyanoleuca) and the Patagonian Forest Earthcreeper (Upucerthia saturatior). We found two migratory omnivorous (White-crested Elaenia (Elaenia albiceps) and Franklin's Gull (Leucophaeus pipixcan). There is at least one migratory granivorous (Gray-Hooded Sierra-finch (Phrygilus gayi), and one nectarivorous (Green-backed Firecrown, (Sephanoides sephaniodes) ( Table 1, Fig. 3b ).
Even though insectivorous and carnivorous are among the guilds with the highest species richness in Santiago, only seven and five species are, respectively, confirmed urban nesters within these guilds (Fig. 3c) . Most species classified into the other two species rich guilds (omnivorous, and granivorous) are confirmed urban nesters (Fig. 3c) . The only confirmed urban nester among the four monospecific guilds of Santiago is a strict herbivorous, the Rufous-tailed Plantcutter (Phytotoma rara) (Fig. 3c) . Coarse distribution of richness and abundance by functional group IDW interpolation of species richness for the trophic guilds (Fig. 4) shows that species richness varies from low to high relative values, where highest richness for each guild is concentrated in several focal spots, distributed across the whole urban surface of Santiago. Rarefaction curves for the complete dataset and for each of the multi-specific functional groups show a saturation pattern, meaning that differences in sample size between groups do not result in biased diversity measures, and IDW interpolation of species richness is therefore reliable (Additional file 2). Areas with species richness tending to zero for insectivorous, granivorous and omnivorous are rare (Fig. 4a, c and e) . Meanwhile, the carnivorous species richness is approximately zero in most of the urban surface of the city, with some focal spots where richness ranges from low to high relative values (Fig. 4g) . On the other hand, intra-guild interpolated number of individuals is homogenous, and values are relatively low for all the multi-specific guilds, with few focal spots where the number of individuals increases. Therefore, bird abundance is relatively low for all trophic guilds and over most of the urban surface of Santiago. Nevertheless, if we observe the absolute values of the number of individuals, a pattern of strong interguild differences of abundance emerges; the trophic guild with the highest relative abundance is omnivorous (reaching a maximum interpolated number of individuals over 8500, Fig. 4f ) . Granivorous are the next most abundant group (almost 4500 individuals in the maximum interpolated values, Fig. 4d ) and insectivorous fall in the third place (more than 1100 at the maximum interpolated number of individuals, Fig. 4b ). On the contrary, the carnivorous guild displays a lower number of individuals, reaching less than 100 individuals in a few spots, as the maximum interpolated value (Fig. 4h) .
Concerning monospecific guilds, all of them share a lower interpolated number of individuals (compared to the four multi-specific guilds): maximum values for the number of individuals are 400 for nectarivorous, 117 for herbivorous, 25 for frugivorous and 14 for piscivorous (Additional file 3). Native species display a higher species richness and a maximum number of individuals as compared to exotic species. However, the spatial distribution of maximum values, suggest that the few exotic species present can exploit the urban surface as well as the numerous native species (several points of maximum richness in both functional groups, Fig. 5a and c) . Nevertheless, we must take into account that the maximum number of individuals in exotic species (interpolated maximum of 2500) is lower if compared to the overall interpolated maximum of individuals in native species (interpolated maximum of 11,600) ( Fig. 5b and d) . In a similar way, the migratory and non-urban nester functional groups (Fig. 5g, h, k and l) show lower richness and number of individuals, as compared to resident and urban nester groups respectively (Fig. 5e, f, i and j) .
Inter and intra-guild variation on the total number of individuals at the species level is high, according to eBird registers ( 
Discussion
Santiago's native and exotic species pool
The high proportion of native species in Santiago (89%) agrees with the high native/exotic ratio reported in other cities in the world [4, 14, 15] . However, the total species richness (46 species) is below the median of bird species in other cities of the Neotropics (above 100 species) [6] . There are urban gradient study cases which suggest that other large cities in the Neotropics share richness values comparable to Santiago, such as Mexico City [25] and Guadalajara [24] in Mexico, with 51 and 58 species respectively. In Argentina, Leveau & Leveau [19] reported 31 bird species in the city of Mar del Plata. Other urban gradient analyses in Southern Chile suggest that bird richness values in the cities of Valdivia, Temuco and Osorno ranges between 30 to 50 species [67, 68] . However, these cities are smaller than Santiago. Cities located in other biogeographic realms in the Southern Hemisphere also possesses higher species richness than Santiago. Particularly the Afrotropic and Indo-Malayan realms, where cities display a median richness above 200 species. Santiago's bird species richness is similar to the median number of species reported for cities in the Australasian realm (Southern Hemisphere), and in the Nearctic realm (North Hemisphere) [6] . It is important to emphasize that the high native/exotic species ratio in Santiago contrasts with the observed pattern for plant species in this city, where 85% of the flora is exotic [69] . In this context, it has been proposed that urban areas with more native plant species tend to retain more native bird species [3] , because the native plant species proportion [70] and volume of native vegetation [71] is positively correlated with native bird diversity in urban settlements. A note of caution must be considered here, because it has been stablished that the explanation for the uncommonly high proportion of exotic bird species (44%) in Dunedin, New Zealand, is largely independent of plant distribution [13] . Nevertheless, we suggest an investigation of the relationship between the proportion of exotic plants and the relatively low bird species richness of Santiago.
It is noticeable that, despite Santiago being located within the "Central Chile EBA", none of the 13 endemic birds of Chile [72] are represented among Santiago's urban dwellers. The absence of endemic birds in this city occurs because just three of the 13 endemic birds of Chile birds share distribution ranges that include the city of Santiago. These are cursorial species, with very specific habitat requirements for nesting and cursorial displacement, which are probably not satisfied inside urban centers (the Moustached Turca (Pteroptochos megapodius), the Whitethroated Tapaculo (Scelorchilus albicollis), and the Chilean Tinamou -Nothoprocta perdicaria-) [55, 72] . Nevertheless, there are numerous eBird registers of these species around Santiago's urban perimeter. Therefore, we consider that the accelerated urbanization in the Central Chile EBA could be a threat to these endemic species.
Santiago's exotic bird species fraction is within the range of the low proportion of exotic bird species reported for cities in the Neotropics and other biogeographic realms [6] . It appears that all exotic species with compatible habitat requirements and enough propagule pressure around Santiago have already become successful urban dwellers. All this despite exotic species being a reduced fraction of this urban avifauna. The exotic bird species in this city (five species) belongs to the omnivorous and granivorous guilds. Two exotic birds share cosmopolitan distribution and their native range is located in Europe and Asia (The omnivorous Columba livia and Passer domesticus); the granivorous California quail (Callipepla californica) has its native range in North America. On the opposite, other exotics come from native distribution ranges located in South America (The omnivorous Molothrus bonariensis and the granivorous Myiopsitta monachus) [59] . Although they represents only 11% of the Santiago's urban bird assemblage, they comprise more than one half of the total exotic bird species pool (nine species) reported for the country [57] . Among Chile's invasive birds not present in Santiago (four species), there are two aquatic species whose habitats requirements are not satisfied in the city (The Muscovy Duck, Cairina moschata) and the Cattle Egret, Bubulcus ibis). The other two invasive species not considered as urban dwellers in Santiago are the Ringnecked Pheasant (Phasianus colchicus) and the Redcrested Cardinal (Paroaria coronata) [57] . Even though the latter species display omnivorous trophic habits (one of the richest trophic guilds in Santiago), they are not represented in this city. This could be explained by the fact that, despite considered invasive, their populations in Chile are scarce and they possibly do not attain enough propagule pressure to colonize large cities.
The distribution of the functional groups at Santiago
The migratory species fraction in Santiago is relatively low compared to the complete urban avifauna. This pattern raises the necessity to stablish the extension of the relevant regional bird species pool for Santiago, in order to test if urban/regional migratory species ratio is in agreement with the idea that urbanization selects against migrant bird species [20, 22, 73] . Nevertheless, an analysis about the fraction of migrant and resident bird species in different urban systems must be encouraged for conservation issues, because it has been established that migrants experience higher conservation risks than resident birds in urban environments [74] . In addition, there are examples of cities with a high proportion of bird species in some migration category, such as the South American city of La Paz, Bolivia [75] . In a similar way, we have established that the proportion of confirmed urban nesting species in Santiago is high (67%), even though the proportion of species with uncertain (7%) or no information (11%) about urban nesting is considerable. Either way, more complete and detailed information about Santiago's nesting patterns is strongly needed in order to asses if some nesting strategy is favored in this city, as cavity-nesters or above-ground nesters do in other cities in the world [20, 76] .
The highest species richness among Santiago's trophic guilds occurs in the insectivorous, followed by omnivorous, granivorous, and carnivorous. By considering the number of registered individuals as a proxy of abundance relationships, it is possible to hypothesize that Santiago's avifauna is numerically dominated by omnivorous, followed by granivorous and insectivorous in third place. The spatial distribution of the interpolated species richness and number of individuals, suggest that species of the previously mentioned guilds are able to exploit a larger extent of urban habitats than the carnivorous guild, which display large areas where both the interpolated species richness and number of individuals tends to zero. They also reach a maximum number of individuals, which is several magnitude orders higher than those observed for the carnivorous guild. This pattern agrees with evidence from cities in several countries across the world (e.g. Finland, Mexico, Venezuela, Canada and France). which suggest that highly urbanized habitats can select for omnivorous species [12, 15, 21, 25, 73] , which can exploit an additional food supply associated to human activities, especially in cities where winter imposes a reduced food supply and a restrictive energetic budget for birds. Singapore is a city located in a tropical area, where winter food supplies and energetic budget is non-restrictive. Contrary to the former examples, Singapore's highly urbanized areas can select for granivorous, while omnivorous are not favored in the extremes of the urban gradient [14] . The same pattern of selection for granivorous in highly urbanized habitats has been reported in a study conducted in three different ecoregions in the United States [20] . Santiago is in a Mediterranean -type area, where the rainy season falls in winter, with moderate temperatures. This climatic setup is comparable to that of the city of Jerusalem, where omnivorous have been found to be the dominant trophic guild in the downtown area [22] .
Insectivorous birds are considered to be negatively affected by the degree of urbanization, and there are numerous examples of low representation and selection against species of this guild in several cities [3, 12, 15, [20] [21] [22] . Nevertheless, there is growing evidence of high insectivorous richness coming from cities located in the Neotropics [19, 23, 25, 75, 77] and Indo-Malayan realms [14, 78] . In sum, this evidence suggests that urban environments outside the Palearctic and Nearctic realms can sustain a high insectivorous richness. Santiago's distribution of species richness and number of individuals shows that insectivorous birds are able to exploit habitats across most of the urban surface, being the guild with the highest species richness, and the third most abundant among Santiago's trophic guilds. The mechanisms that potentially explain the high insectivorous richness and abundance should be investigated in order to provide more evidence about the importance of the insectivorous guild in cities of the Neotropical realm. In this context, it has been proposed that insectivorous birds in Mexico City are the dominant group, but they are highly represented only in parks, large gardens, and other areas where trees and vegetation are abundant [25] . Supporting this argument, de Toledo et al. [77] propose that urban environments can, in fact, provide a large food supply for insectivorous birds, because arthropods are often a diverse and abundant group in urban environments. Therefore, the effects of vegetated areas and degree of prey availability on the distribution of insectivorous birds should be evaluated for Santiago.
Altogether, carnivorous distribution of interpolated species richness, and absolute number of individuals, suggest that this guild is the least successful (among the four proposed multispecific guilds) in exploiting the urban environment of Santiago. The carnivorous guild appears to be restricted to a few spots were species richness is relatively high, but abundance seems to be low, compared to omnivorous, granivorous and insectivorous. The fact that carnivorous are represented by several species in Santiago, despite being geographically and numerically restricted, is in agreement with the explanation proposed by Chace & Walsh [3] , which stablished that carnivorous as raptors may possess home ranges larger than city boundaries, not requiring to satisfy all their ecological needs inside the city. Several carnivorous species registered in Santiago are raptors, whose nesting pattern and trophic habits inside the city are unknown. Therefore, their observed urban distribution could be a consequence of a broad home range, which allows them satisfy -at least partially-their ecological needs outside the boundaries of Santiago.
Overall, we hypothesize that food availability for birds in the urban habitats of Santiago allow the city to sustain a high richness and abundance of omnivorous (which can benefit from anthropogenic food), granivorous and insectivorous (which are likely to find their alimentary items across the parks and open spaces within Santiago). Other guilds display trophic requirements that are hypothetically more restrictive in Santiago, such as nectarivorous, frugivorous, herbivorous and piscivorous. These guilds are mono-specific and reach lower numbers, and show a reduced and patchy geographic coverage (Additional file 3), as compared to the multi-specific guilds which numerically dominate the city. Considering the complete avifauna, the spatial location of high richness and abundance spots is distributed across Santiago's urban surface. No obvious diversity gradient appears, despite the fact that registers are denser in the central and eastern parts of the city, situated between the main rives of Santiago (Fig. 1) .
In consequence, what challenges are emerging from this promising system for the urban avifauna? Twenty two percent of Santiago's bird species have an unknown or uncertain nesting status; this lack of information is critical, because seven of the 10 species classified into the "probable" or "without information" nesting categories belong to the insectivorous and carnivorous guilds, which we propose as interesting traits of Santiago's avifauna. Therefore, more detailed information regarding nesting categories for urban birds, and descriptions about urban nesting patterns, should be encouraged at this city. For the same reasons, dietary studies inside the urban perimeter of Santiago must be considered a priority, because current trophic categorization of Santiago's birds comes from evidence that has not been evaluated inside urban habitats.
Finally, the use of the citizen based platform eBird has revealed the coarse structure of Santiago's functional groups, and suggested the geographic distribution patterns and overall abundance relationships. As a corollary, we sustain that the combined efforts of citizens and researchers has positioned eBird as a useful tool to reveal the general distribution of urban avifauna, and to potentially reveal patterns at a geographical scale which would be otherwise prohibitive, in a traditional sampling approach. This information framework encourages its use to continue enhancing the use of this tool in ornithological research. Simultaneously, we suggest further research projects about the city's avifauna, in several topics such as the characterization of the habitats experienced by Santiago's urban birds inside the city, the degree of urbanization, the vegetation coverage, and the food availability for different trophic guilds.
Conclusion
We conclude that the avifauna of Santiago shows a relatively low species richness as compared to other cities in the Neotropics. Santiago's bird biodiversity is composed mainly of native, resident, non-threatened species that breed inside the city. There are functional groups that inhabit a large portion of Santiago's urban surface, reaching relatively high values of richness and abundance. Among these functional groups are the native, urban nesters and resident species. Although exotics possess low species richness, this group is highly abundant and inhabit almost the complete urban surface of the city. The dominant trophic guilds in terms of species richness and abundance are omnivorous and granivorous; insectivorous are the third most abundant trophic guild, with the highest species richness. The functional groups with lower species richness are usually less abundant, and display more reduced and patchy distributions in Santiago, probably because of low availability of suitable habitats and/or restricted food supply (migrants, carnivorous, nectarivorous, herbivorous, frugivorous and piscivorous). The high insectivorous richness, reported in the large South American city of Santiago, brings evidence to postulate a pattern of high species richness of this guild in cities from the Neotropics (and possibly also the Indo-Malayan) realm. The fact that even the exotic bird species pool in this city possess an important fraction of South American species emphasizes the need to close the information gap about urban bird ecology and biodiversity in the underrepresented South Hemisphere. This research agenda will help to improve the understanding of ecology and biodiversity of southern urban avifauna, while diminishing the information gap about urban birds in different biogeographical realms.
Additional files
Additional file 1: Table S2 . Biogeographic origin native (N), exotic (E). 
